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specification in such a way as to reasonably convey to one skilled in the art that the 
inventor had possession of the claimed invention. 

Specifically, the Examiner argues that insertion of the limitation "above -80 
degrees C" and "0 degrees C or above" have no support in the specification as filed. 
Examiner also argues that insertion of the phrase "without freezing (ice formation)" does 
not appear to have literal support in the generic portion of the specification. Examiner 
concedes that insertion of the term "vitrifying" upon reconsideration is not considered to 
be new matter and thus does not have to be addressed in the present response. 

Applicant respectfully wishes to address in full each of Examiner's rejections 
referenced above. Furthermore, Applicant respectfully asserts that claims 1, 4-10, 12-16, 
25 and 26 are fully supported by the specification as filed and therefore comply with the 
written description requirements of 35 U.S.C. § 1 12, first paragraph. 

Applicant respectfully states that the limitation "above -80 degrees C" and "0 
degrees C or above" are selected because these temperatures are mostly used for storage 
and transportation of biologicals with dry ice (at -80 degrees C), or with ice (0 degrees 
C). Because other temperatures that are above -196 degrees C (liquid nitrogen boiling 
point) practically are not of interest we believe that selection of these temperatures is 
essential and is fully supported by the specification as filed, by the references 
incorporated therein, and by common knowledge in the art. 

Furthermore, Applicant respectfully states that insertion of the phrase "without 
freezing (ice formation)" does not introduce new matter and is fully supported and 
described in the specification as filed. To vitrify or to perform the process of 
vitrification, as that term is uniformly defined in the art and further described in the 
specification as filed, ultimately necessitates the step of cryopreservation of a sample in 
such a way that no freezing-induced crystallization or ice formation is caused. This 
crucial distinction between vitrification method of cryopreservation and simple freezing 
is repeatedly illustrated throughout the specification as filed, including but not limited to 
paragraphs 4, 22, 23, and 24 of the specification. Therefore, the phrase "without freezing 
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(ice formation)" simply reiterates the meaning and limitations of the term "vitrification" 
as that term is presently defined in the art of cryopreservation. Therefore, Applicant 
respectfully states that no new or indefinite matter was introduced by insertion of the 
phrase "without freezing (ice formation)". This terminology is well known in the art. 

In light of the above remarks, Applicant respectfully requests the Examiner to 
withdraw the rejection of claims 1,4-10, 12-16, 25 and 26 under 35 U.S.C. § 112, first 
paragraph. 

Rejections of the Claims under 35 U.S.C. § 112, second paragraph 

Claims 1, 4-10, 12-16, 25 and 26 were rejected under 35 U.S.C. § 112, second 
paragraph, for allegedly being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. Specifically, Examiner 
stated that in claim 1, step (a), the term "concentrated" is used. Examiner further stated 
that the term "concentrated" is a term of comparison without a reference point and is, 
therefore, without distinct metes and bounds, which allegedly renders the claim 
indefinite. 

Examiner further stated that claim 1 has parenthetical insertions which may or 
may not be intended to further limit the claim. Therefore, Examiner stated that the use of 
such parenthetical insertions allegedly renders the claims indefinite. 

Applicant respectfully wished to address in full each of Examiner's rejections 
referenced above. Furthermore, Applicant respectfully states that the limitations of each 
of the claims listed above are fully defined by the specification as filed and therefore 
claims 1,4-10, 12-16, 25 and 26 fully comply with all requirements of 35 U.S.C. § 112, 
second paragraph. 

Applicant alerts the Examiner to the fact that the metes and bounds of the term 
"concentrated", as that term is used in claim 1 and dependent claims, are fully defined by 
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the present specification as filed. Specifically, the concentration of non-permeating co- 
solutes is defined in paragraph 38 of the specification to be in the 0.1-0.6 mol/1 range, and 
the concentration of permeating cryoprotectant is defined in paragraph 39 of the 
specification to be above 40 percent-by-weight range. It is important to mention that in 
the scope of the application a solution is called concentrated if it does not freeze (no ice 
forms) and vitrifies during cooling to -196°C. It is well known that it is practically 
impossible to avoid formation of ice during cooling to -196°C if concentration of a 
solution is below 40% (60% water). For this reason, by default, the cryovitrification 
process requires using concentrated solutions. It is very known to everybody skillful in 
the art of cryopreservation (by freezing, or by ctryovitrification) 

Applicant amended claim 1 to remove the parenthetical insertion "(ice 
formation)", therefore Examiner's rejection of claim 1 because of the parenthetical 
insertion is believed to be fully addressed by the amendment. 

In light of the above remarks and amendments, Applicant respectfully requests the 
Examiner to withdraw the rejection of claims 1, 4-10, 12-16, 25 and 26 under 35 U.S.C. § 
112, second paragraph. 

Rejections of the Claims under 35 U.S.C. § 102(e) 

Claims 1, 4-7, 9, 10, 12-16, 25 and 26 were rejected under 35 U.S.C. § 102(e) as 
allegedly being clearly anticipated by US Patent No: 5,800, 978 ("Goodrich et al ")■ 

Following recent phone conversation with Examiner SAUCIER Applicant 
respectfully ask the Examiner to consider the difference between Tg and Tg' (TG-prime) 
that is clearly explained in the articles (Hatley and Franks, 1991; and Levine and Slade, 
1989) enclosed in the letter. During the phone conversation the Examiner agreed that 
understanding the difference between Tg and Tg' is very important for proper evaluation 
of the invention. 

Tg is the temperature at which a solution transforms to the glass state during 
cooling without formation of crystallized phase (i.e. ice). Tg is a function of the solution 
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concentration. For example, Tg of pure sucrose (100%) is about +60 degrees C, Tg of 
10% sucrose solution in water is about -140 degrees C (please see the articles enclosed). 
At the same time Tg' does not depend on the concentration of the solution. Tg' is the 
temperature at which solution remaining unfrozen between ice crystals vitrifies during 
freezing. According to Hatley and Franks (1991) for sucrose dissolved in water Tg' is 
minus 33 degrees C. 

CONCLUSION 

In view of the foregoing arguments, Applicant respectfully submits that claims 1, 
4-10, 12-16, 25 and 26 satisfy the requirements of 35 USC §§ 112 first paragraph, 35 
U.S.C. § 112 second paragraph, and 102(e). Accordingly, Applicants respectfully request 
reconsideration and withdrawal of these rejections and request that the claims be allowed. 

Present amendment and response under 37 C.F.R. § 1.121 is filed in a timely 
manner prior to expiration of statutory three month period for response, hence no 
extension fees are believed to be necessary. 

Respectfully submitted, 

Victor Bronshtein 
Inventor 

5008 Almondwood Way 
San Diego, CA 92130 
Email: victorb@ustsd.com 
Phone number: 858-245-9323 
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RESPONSE TO THE LETTER BY SIMATOS, BLOND, AND LE MESTE ON THE RELATION BETWEEN 
GLASS TRANSITION AND STABILITY OF A FROZEN PRODUCT 

Harry Levine and Louise Slade 

Nabisco Brands, Inc., Fundamental Science Group, P.O. 1943, East Hanover, New 

Jersey, 07936-1943, U.S.A. 



We thank Simatos, Blond, and Le Meste for their Lette^^the Editor of Cryo-' 
Letters (1), in which they commend the contribution of «ffl^onceptual "food 
polymer science" approach to problems in the field of food science and technol- 
ogy, as described in our recent review of cryostabilization technology (2). We 
also thank them for their constructive criticisms of our paper (2) , and wish to 
take this opportunity to respond to their Letter. 

Simatos et al. (1) suggest that certain "questions" or "contradictions" , re- 
lating to Interpretation of low- temperature differential scanning calorimetry 
(DSC) thermograms and Identification of glass transitions in thermograms for 
frozen food materials, "are never discussed" in our papers. We are surprised, 
since we have addressed these Issues extensively in manuscripts (3-5) that pre- 
coded the Cryo-Letters review (2) and in two subsequent papers (6,7), for which 
preprints were shared with Simatos et al. In informal correspondence that pre- 
ceded submittal of their Letter to Cryo-Letters. 

With regard to the ease of identification of glass transitions In DSC thermo- 
grams of food materials at low temperature, we have shown (2, Fig. 3) that a 
real-time analog derivative feature of a DuPont calorimeter provides an ampli- 
fied profile that benefits from a horizontal baseline with lower noise and 
greater reproducibility than the baseline of the corresponding primary heat 
flow curve, in addition to its inherent enhanced capability to reveal multiple, 
superimposed thermal events. We suggested (3) that use of a derivative profile 
with such a superior baseline allows unambiguous deconvolution of the charac- 
teristic sequential subzero transitions that occur during warming and non-equi- 
librium melting of frozen aqueous solutions of non- crystallizing solutes (8) 
and facilitates deconvolution of the more complicated thermal profiles of read- 
ily- crystallizable solutes (6). Identification of the salient subzero transi- 
tion occurring at Tg' (8-10) as the particular glass transition of the maximal- 
ly freeze -concentrated, amorphous solute/unfrozen water (UFW) matrix surround- 
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ing the ice crystals in a frozen solution had been corroborated several years 
ago by complementary dynamic mechanical (DMA) and thermomechanical (TMA) analy- 
sis measurements of T. Schenz (6,12,13). Such a corroboratory approach has been 
recommended by Wolanczyk in another recent Letter to the Editor (11). Schenz 
used a computerized DuPont calorimeter with a time-averaged digital derivative 
feature to demonstrate that a sucrose solution, freeze -concentrated from an 
initial concentration of 20 weight % (w%) solute, exhibited a glass transition 
with the same characteristic value of Tg' at -32°C when measured (during warm- 
ing at 5°C/min) by DSC, DMA, or TMA, as shown in Fig. "1 (6). 

With regard to interpretation of low- temperature DSC thermograms (e.g. Fig. 3 
in ref. 2) of frozen food materials, the schematic state diagram (modified from 
MacKenzie and Rasmussen. Fig. 18 (14)) in Fig. 2 (7) has been used to describe 
distinctive cooling/heating paths that can be followed by solutions of monomers 
(e.g. glucose) vs. oligomers or polymers (e.g. maltodextrin) , starting from in- 
itial solute concentrations (C) less than that (Cg') in the freeze -concentrated 
glass at Tg' (3,15). In either general case, and regardless of initial cooling 
rate, rewarming from T < Tg' forces the system through a solute -specific glass 
transition at Tg' , as explained in detail elsewhere (7). We have viewed Fig. 2 
as a map whose topography reflects either two-dimensional energetics or three- 
dimensional kinetics, contingent on time-temperature-moisture dependence (16). 
The location of Tg' -Cg' represents a "universal crossroads", in 'that all paths 
of cooling/annealing/heating eventually lead to this site in a kinetic domain 
(7,16). Tg'-Cg* defines the kinetic conditions at the end of concomitant ice 
formation and freeze-concentration in real time on cooling to T < Tg' (3,8,10), 
and conversely at the beginning of concomitant ice melting and melt-dilution of 
the solute in the aqueous rubber on heating to T > Tg' (7) . This description of 
the ice -melting process that begins at Tg' and ends at Tm (7) is entirely com- 
patible with our consistent use (2-7,15-17) of Tm to signify the temperature at 
the END of crystal melting, in accord with the true thermodynamic definition of 
Tm and also the convention of polymer science (18,19). The shape of the equili- 
brium liquidus curve is defined energetically for very dilute solutions, based 
on colligative freezing point depression by solute (8) . At concentrations of 
solute near or above the eutectic composition, melting of the metastable system 
is described by a non-equilibrium extension of the equilibrium liquidus curve 
(6,7,16). This is illustrated in the dynamics map shown in Fig. 3 (7), which is 
the actual equilibrium and non-equilibrium state diagram for sucrose -water . The 
shape of the non- equilibrium extension of the liquidus curve and its associated 
homogeneous nucleation curve (not shown) is kinetically determined by the un- 
derlying glass curve (6,7,16,41), as illustrated by the portion of the liquidus 
curve in Fig. 3 between the points Te-Ce and Tg'-Cg', where Te is the eutectic 
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melting temperature (i.e. the Tm of pure crystalline ice plus pure crystalline 
solute) and Ce is the eutectic composition. Tg' is achieved by cryotechnologi- 
cally useful solutes that do not readily undergo eutectic crystallization on 
cooling (e.g. sucrose). Tg' does not represent the incidental intersection of 
an independently existing equilibrium liquidus curve with the glass curve, but 
rather corresponds to the circumstantial intersection of the non-equilibrium 
extension of the liquidus curve and the underlying supersaturated glass curve 
that determined its shape (6,7,16). 

We have strewed (7,16) that the time scale of mechanical relaxation process- 
es (diffusion rates, deteriorative chemical reaction rates, structural stabili- 
ty viscosity) of a system, including frozen food systems, is contingent on the 
location of the system on its dynamics map. Simatos et al. (1) also recognize 
the need to consider the state diagram before a relationship between the glass 
transition and stability of a frozen product can be explored. In this context, 
a cautionary note is appropriate, with respect to selection of the galactose- 
water system as a model and the experimental approaches used to construct the 
map for such a system (Fig. 1 in ref. 1). Definitions of the liquidus curve or 
M (at solute concentrations below the eutectic composition), glass curve or G, 
and Tg' are now in universal accord (1-10). in contrast to the mapped location 
of these thermal events. Construction of dynamics maps from calorimetric data 
requires an appreciation of critical aspects of the experimental approach and 
protocols for the appropriate use of thermal analysis techniques to investigate 
the equilibrium and non-equilibrium thermodynamic behavior of aqueous solutions 
as a function of solute concentration. The foundation for such an appreciation 
has been provided by Angell et al. (41) and Forsyth and MacFarlane (42). Their 
investigations of calorimetric behavior of aqueous solutions identified three 
kinetically-distinctive regions of concentration: solutions of (i) low solute 
concentration which undercool below their equilibrium liquidus curve, but from 
which ice eventually crystallizes during further cooling; (ii) intermediate 
concentration which vitrify without change in composition during rapid cooling, 
avoiding either nucleation or propagation before achieving the glassy solid 
state; but, devitrification W crystallization of ice occur during rewarming; 
(iii) high concentration which vitrify during normal cooling and from which ice 
does not readily crystallize during warming, due to the approach of the ice ho- 
mogeneous nucleation curve to the glass curve (41); however, hydrates or solute 
may crystallize during cooling or rewarming. Accordingly, ambiguity is minimiz- 
ed during construction of a glass curve by selection of 1) a solute that avoids 
solute, eutectic. or hydrate crystallization; 2) an initial solute concentra- 
tion in region (i) for characterization of aqueous glasses; and 3) diluent-free 
solute to characterize glasses with concentration greater than Cg' (2). Poly- 
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(vinyl pyrrolidone) and sucrose are justly popular as model solutes fo: 
-glass systems (2,7). Selection of 20 w% solute as the standard initial 
tion concentration ensures reproducible freeze -concentration to the te. 
cally-relevant composition at Tg'-Cg' (2). In the particular case of t? 
tose-water system, and every other case in which solute or hydrate cry: 
tion during cooling or rewarming cannot be ruled out explicitly, the V 
under the melting peak (AQ> ° sc thermal profiles may not represent 
thalpy of melting (A"*) of ice alone - Stnce solutions used to con 
the galactose -water state diagram (Fig. 1 of ref . 1) span the three ki 
-distinctive regions of initial concentration, the operative galactose 
trations responsible for the observed glass transitions would be incor 
assigned because of previous crystallization of solute or hydrate, and 
fore the glass curve could not be correctly constructed. In fact, it i 
evident that the glass curve in Fig. 1 of ref. 1 is incorrect, because 
not be smoothly extrapolated to the Tg of water alone near -135°C (31) 
over, in order to construct a two-dimensional state diagram from data 
using each of the three regions of initial concentration, pertinent cc 
heating rates would have to be used, corresponding to the critically c 
time scales of the relaxation behavior in the three concentration reg: 
Accordingly, the procedure recommended for the estimation of UFW cont. 
by extrapolation to zero of the measured total heat,of melting of unit 
species after cooling and rewarming of solutions with a wide range of 
concentrations, spanning the three behavioral regions, is invalidated 
ciple. regardless of whether the melting enthalpy of crystalline solu 
drate can be deconvoluted from the overall AQ. Recognition of these . 
aspects of the experiffierital approach and protocols used for the const 
dynamics maps urges caution in the superficial application of the met 
commended by Simatos et al. (1). for estimation of the limiting UFW c 
location of Tg'-Cg' on the dynamics map. 

The technological significance of Tg' to the storage stability of f 
systems, implicit in the description (7) of Fig. 2. has been the most 
aspect of the thesis of our papers on cryo stabilization technology (2 
assertion has been most convincingly validated (7) by the fact that 1 
freeze-concentrated solution, rather than Tg (site A in Fig. 2) of tt 
solution, is the ONLY glass transition temperature relevant to freeze 
stability at a given freezer temperature Tf, because almost all "froz 
products contain at least some ice. Consistent with XVQSUWY in Fig. 2 
of. most relevance to the cooling/warming rates practiced in industry, 
mercial freezing processes induce ice formation beginning at point Q 
ogeneous nucleation after some extent of undercooling. Since the temi 
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point Q is generally near -20°C (20) and well above that at point A. this lower 
Tg of the glass with the original concentration of solute(s) typical of a high- 
moisture product is never attained and has no practical consequence (7). Once 
ice formation and freeze-concentration occur in a frozen product, the material- 
specific Tg' of the salient freeze-concentrated matrix becomes the one and only 
glass transition temperature that controls product behavior during storage at 
any freezer Tf below Tm and either above or below Tg' (7). Of course, multiple 
localized amorphous domains of freeze-concentrated solute(s)/UFW can coexist in 
frozen foods, particularly natural products, which consist of spatially inhomo- 
geneously-distributed and/or thermodynamically incompatible mixtures of water- 
compatible materials, and the multiple respective values of Tg' can be observed 
and have been measured by DSC (6,7) . 

Simatos et al. (1) focus most of their discussion on our advocacy (2-7.15-17,^ 
21 25,26) of WLF kinetics (22) to describe*rates of diffusion-limited relaxa--/ 
tion processes (e.g. deteriorative changes during storage) in amorphous or par- 
tially crystalline, water -containing food systems in the rubbery temperature 
range between Tg and Tm (highlighted in the schematic dynamics map in Fig. 4 
(6)). They point out (1) that our conceptual application of the WLF equation as 
a theoretical tool to analyze and predict storage stability (4.15,21) of low- 
moisture (C > Cg') food systems represents a "very interesting approach". Of 
course, it should be recalled that "for a generation of [synthetic] polymer 
scientists and rheologists. the WLF equation has provided a mainstay both in 
utility and theory" (23). We thank Simatos et al. (1) for commending "as a very 
•positive contribution [our] underlining of the WLF behavior of viscosity in 
rubbery materials to explain the influence of temperature on the stability of 
frozen products". We have pointed out previously (7). as Simatos et al. do also 
(1) that extension of the applicability of WLF kinetics to high-moisture (C < 
Cg') frozen food systems, while expected to be valid on theoretical grounds, is 
still an open question that warrants further experimental investigation and 
verification. An area of particular interest concerns the influence of tempera- 
ture on diffusion-limited reactions (24). both in the subzero temperature range 
between Tg' and the Tm of ice (as highlighted in Fig. 4) for frozen products 
and within the higher Tg-Tm range relevant to low-moisture products. These kin- 
etically-metastable domains above the glass curve define the regions where WLF 
behavior is expected, and their location on the dynamics map remains unchanged, 
even though solute or eutectic crystallization is avoided (as frequently is the 
case with food solutes which are useful for cryo technology) . However, this is- 
sue of the extent of applicability of WLF kinetics is separate from the other 
issue, the "feasibility of. the practical determination of Tg for food materi- 
als", raised as a related and also still open question by Simatos et al. (1). 
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line solute. The melting process Is called dilution when crystalline solvent 
melts In the presence of solution or dissolution when crystalline solute melts 
in the presence of its saturated solution. The solldus curve for the melting of 
crystalline sucrose decreases from Tm - 192°C for dry sucrose (16,21), through 
several points for saturated sucrose solutions at different temperatures (28) , 
to Te - -14°C at Ce - 62.3 w% sucrose (29). The glass curve decreases from Tg - 
52°C for dry amorphous sucrose (16.20.21.30), through Tg' - -32°C at Cg' - 64 
w% sucrose (4,12,20,30), to Tg - -135°C for pure amorphous solid water (31). 
The point Te-Ce is located at the intersection of the equilibrium solidus and 
equilibrium liquidus curves, while the point Tg' -Cg' is located at the inter- 
section of the non-equilibrium liquidus and glass curves. As illustrated by the 
schematic state diagram in Fig. 4, the temperature interval ^T - Te - Tg' be- 
tween Te (as a particular value of Tm of ice) and Tg* would correspond to an 
atypically small WLF rubbery domain of only 18°C (relative to the typical Tm - 
Tg range of about 100*C for many diluent-free, synthetic amorphous polymers (6, 
16.22)), over which the microscopic viscosity ($) of the sucrose-water solution 
would be estimated to decrease by about 13 orders of magnitude from the charac- 
teristic >l (>2g) at Tg' (16.22,32). [This value of &t was estimated as fol- 
lows (7): a) at Tg'-Cg', 1 g * 10 ,3 Pa s (32), b) at 20*C. >l± 0.1 Pa s for 62.3 
w* sucrose (28), and c) at Te-Ce, >Ze ^ 1 Pa s, based on an assumption of Ar- 
rhenius behavior between -14 and 20°C (i.e. at T > Tm, Q (0 - 2 — > a factor of 
10 change for a £T of 33°C) (16).] Consequently, the rates of deteriorative 
changes that depend on constrained diffusion in a frozen aqueous system of pure 
sucrose would be predicted correspondingly to increase by about 13 orders of 
magnitude vs. the rates at Tg' (7), with profound implications for the storage 
stability and kinetics of -collapse" processes in frozen food systems (e.g. ice 
cream and other frozen desserts and novelties) for which a freeze-concentrated 
sucrose solution could serve as a limiting model (2-6) . It has been noted (7) 
that the 13 orders of magnitude predicted from the WLF equation for the de- 
crease in microscopic viscosity and concomitant increase in diffusion-limited 
relaxation rate over a rubbery domain with a temperature span from Tg' to Tg' + 
18°C are based only on the effect of increasing temperature above the Tg' ref- 
erence state, and not on any effect of dilution due to the melting of ice, 
which would begin on heating to T > Tg' . on the solute concentration in the 
rubbery fluid. Such an effect of melt-dilution would obviously cause a further 
decrease in viscosity over- and- above the WLF-governed behavior (1.7). The re- 
sultant effect on diffusion- limited reaction rate (e.g. of enzyme-substrate in- 
teractions (3)) would not be so obvious (1,7). The rate could increase or de- 
crease (1,7), depending on whether or not the solute being diluted is a parti- 
cipant in the reaction (33) . The sucrose-water system shown in Fig. 3 is re- 
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- „,„ {M i effect of melt-dilution on heating from 

markable with respect to the minimal etrecc 

Ig , to Te ( 7 ). The sucrose concentration only decreases by 1.7 w%, from Cg' - 
64 w% to Ce - 62.3 w%, over a temperature range of 18°C due to the near-verti- 
cal path (compared to the path of colligative freezing point depression in the 
equilibrium portion) of the extremely non- equilibrium extension of the liquidus 
curve at C > Ce (7). Despite this fact, the above discussion is not meant to 
negate the importance of melt-dilution (stressed by Simatos et al. (D) as 
temperature is increased above Tg' . Analogous to experience in drier systems at 
T > Tg' and C > Cg' (21). either addition of water (corresponding to a £C) or 
increase in temperature (A T > <*ove the glass curve accomplishes decreased re- 
laxation times (15.16). However, water-rich systems differ from drier systems 
in that water is equivalently as effective as temperature as a plasticizer for 
drier systems at C> Cg' . but the practical limit of efficacy of water as a 
plasticizer is exceeded at C < Cg' (16.26). 

As noted by Simatos et al. (1). we have reported limited experimental results 
for storage stability of ice creams and other frozen novelties (originally in 
(2) and after refinements, in (6.7)). As shown in Fig. 5 (6.7). these results 
have been interpreted as a demonstration that the rate of ice crystal growth 
during freezer storage increases with increasing Tf as A T above Tg' . in a man- 
ner predicted by WLF, rather than Arrhenius kinetics. Here, and consistently in 
the past (2.6.7). we have followed the convention of the life sciences that an 
unqualified reference to Arrhenius kinetics implies temperature dependence with 
o * 2 (37 44). (In contrast. Simatos et al. (Fig. 2 of ref . 1) use Q |0 with- 
out qualification to refer to Q J0 - 10 as an analogy to Arrhenius kinetics.) As 
illustrated in Fig. 5B. the extent of ice crystal growth after a fixed storage 
time, chosen to insure that ice crystal size had not yet reached a limiting 
value, increased more dramatically with increasing A T than predicted by a ty- 
pical Q,n - 2 rule of Arrhenius kinetics (dashed line in Fig. 5B). As previous- 
ly explained elsewhere (6.7). the experimental data in Fig. 5 had originally 
been plotted as straight lines (Fig. 15 in ref. 2). in part for simplicity of 
presentation, and in part because the numerical coefficients CI and C2 in the 
appropriate WLF equation (22) are unknown and cannot be assumed for such frozen 
products. We have subsequently compared the qualitative curvature of the data 
plots in Fig. 5 to a plot of the WLF equation with its -universal- numerical 
values of CI and C2 (22). shown in Fig. 6 (6.7) (and also as curve 1 in Fig. 2 
of ref. 1). This closer approximation of the data in Fig. 5 by WLF. rather thar 
Arrhenius Q, 0 - 2. temperature dependence has been viewed (6.7) as support for 
the earlier conclusion (2) of the applicability of WLF kinetics to such rubber, 
frozen foods as ice cream. Equally as important, the existence of material-spe- 
cific reference temperatures, identified as the values of Tg' dictated by the 
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particular formulations of the products and dictating in turn the Tf below 
which no ice crystal growth was detectable during the storage test, confirmed 
the conclusion of the applicability of a WU interpretation. [Although Simatos 
et al (1) are certainly entitled to express reservations about the quantita- 
tive nature of our published data on ice crystal growth rates in ice creams and 
other frozen novelties and to question our "rigorousness of reasoning- regard- 
ing those data, we feel compelled to defend the Ph.D. psychosensory physiolo- 
gist who trained the sensory panelists. The technological importance and prac- 
tical relevance of the meticulous and reproducible results of such industrial 
sensory panels are demeaned by naively referring to their contributions as 
"folklore" and not "true experimental investigation" (1).] 

We commend Simatos et al. (1) for their attempt to use selected experimental 
data from the literature to assess the importance of WLF behavior to the sta- 
bility of frozen food products, since these products exist as rubbery fluid 
matrices surrounding included ice crystals at freezer temperatures above the 
relevant, product -specific values of Tg' . However, their analyses of data for 
various systems at subzero temperatures were based on Tg values of questionable 
validity. Some of these Tg values were said to be measured, others estimated or 
deduced (1). This issue is critical to a conclusive and unambiguous evaluation 
of the importance of WLF behavior to the stability of frozen foods, because the 
selection of a correct Tg value is in fact the basis for a definitive analysis 
of WLF kinetics (22). As explained previously. Tg' is the only location on a 
system-specific glass curve that corresponds appropriately to the subzero ref- 
erence state for WLF behavior of an ice -containing, rubbery fluid system (7. 
15). Thus. Tg' represents the temperature boundary below which Arrhenius kine- 
tics would be expected to apply to an ice -containing, glassy solid matrix of a 
frozen product (15.16). Selection of an incorrect Tg' value for the reference 
state of a frozen product would eliminate the ablity to predict the subzero 
temperature ranges appropriate to the expected observation of WLF or Arrhenius 
kinetics. For example, if the actual value of Tg' for a frozen product were -K 
C. but an incorrect value of -40°C were assumed for data analysis, then one 
would incorrectly expect to see WLF behavior in the temperature range from -40 
to -10°C. whereas Arrhenius behavior should actually have been predicted in 
this range. As a consequence, one might conclude prematurely, from the absence 
of WLF behavior in this temperature range, that WLF behavior was unimportant * 
the stability of such a frozen product. 

A pioneering study by Soesanto and Williams (32) had previously shown that 
the high viscosities of concentrated solutions (92-98 w% solids) of water-plas 
ticized. non-crystallizing- sugar blends of sucrose and fructose (7:1 w:w) at 2 
< T < 80°C, plotted as log (*/*g) vs. (T - Tg) for temperatures from 20 to 9 
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„ d non-eoulUbrtu. ..P-cts of ^ „ ki „«tlc, In ruhh.r, f«d sys- 

p ,„tUU.r of a-rphou, M « o£ 1M .c OT t.l»ln 8 fror.n 

„„, .»d .) T.^ t. th. ou-llty ~d .tor.S. • . tr,-and.».t.d 

rI .ducts.. in - « f) '»"° t i ; h :;*J„ l4elv KC .P«d in — « — 

: tp „«h that h« h.c». Cl.no... *— lll --; l0M 

Mc.1 dlsclplln. (1... ,y * thetlC f ^r^,^, and of th. — 

a P pllc*lUty and utility of *l. .PP™ • ^ p .„ p .«lv. rood 

rfJLs in ,ualltatlv. ^"T 41 ™^ £ ~d .ol.ntl.« »d t.ch~lo 8 l.ts 

pIo4 ucts »d P roc » - « «^ et U-) ln considering. tesc ^ n 8' 

(ln cludl„ S l..d.r. In the ^ u , to tha .tud, of 

and .xplorlng the .cop. of this PP 

food. . . ltl „ c«>.tructl». note, concluding that 

slM to. « .1. CD — " * "°* 'In!, b. pl.y«d 1" *. Vlnetlc of 
■ it appear, that an Uportant part «y "^J^.c. In frozen product. 

^ sltal. ch..lc.l. - bloch^cU proc.^ ^ _ ^ ^ 

by th. decree. 1« " «** ^ ^ „ «... W. could not «r». 

f Lth.r .,P«l~nt.l 1--^ ~ ~ f . et .. l4 ^h th. - thing U 

K „ »lth th. antlr. ."»«•«. B « 
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r m to our earlier Cryo-Letters review (2). We 
our most recent follow-up paper (7) ^ ^ ^ & crltlcal 

are sure Simatos and coworkers wou ^ ^ ^ ^ accura te characteriza- 

r i :rr— - s — - - »• - — 
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A) DSC 



Sample: 20% SUCROSE 
Size: 7.41 MG 
Rate: 5 DEG/MIN 

Program: Extended Playback V2.0 
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B) DSC 



Sample: SUCROSE 
Size: 239 MG 

Rate: 5.0 DEG/MIN -70 TO +40 
Program: Extended Playback V2.0 

j i — i — i— 
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Figure 1. A) DuPont 1090 DSC primary heat flow curve (endo down) and auxiliary 
digital derivative profile (endo up) for 20 w% sucrose solution; B) DuPont 1090 
DSC digital derivative profiles for 20, 10, 5, and 1 w% sucrose solutions. 
Reproduced, with permission, from (6). 
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C) DMA 



Sample: SUCROSE 
Size: 12-32x11.14x154 MM 
Rate: 5 DEG/MIN -60 TO +25 
Program: Advanced DMA V1.0 
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D) TMA 

Sample: 20% SUCROSE 

Stze: 1.40 mm 

Method: Softening Profile-5 

Comment: 100g toad Wide probe 




Temperature (°C) 



DuPont 9900 



Figure 1. C) DuPont 981 DMA loss modulus curves for 20, 10, 5. and 1 w% sucrose 
solutions; D) DuPont 943 TMA curve of dimension change vs. temperature for 20 
w% sucrose solution. Reproduced, with permission, from (6). 
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Figure 2. Schematic state diagram of temp- 
erature vs. weight percent solute for an 
aqueous solution of a hypothetical small 
carbohydrate (representing a model frozen 
food system). Various cooling/heating 
paths and associated thermal transitions 
measurable by low- temperature differential 
scanning calorimetry are illustrated rela- 
tive to the glass, liquidus, and devitri- 
fication (Td) curves. Reproduced, with 
permission, from (7). 
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Figure 3. Dynamics map (equilibrium and 
non- equilibrium state diagram) for the 
sucrose-water system. The locations of the 
glass, liquidus, and solidus curves are 
shown with their respective points of 
intersection: Tg' at the intersection of 
the glass curve and non- equilibrium 
extension of the liquidus curve and Te 
(eutectic melting temperature) at the 
intersection of the liquidus and solidus 
curves. The curve for the vaporization 
temperature of water as a function of 
sucrose concentration (28) is included. 
Reproduced, with permission, from (7). 
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Figure 4. Schematic dynamics map to illus- 
trate the relative magnitudes of the temp- 
erature range, ^T— Tm - Tg, correspond- 
ing to the region of WLF kinetics. Rela- 
tive magnitudes of the temperature range 
corresponding to the WLF rubbery region 
are emphasized by dark bars for pure sol- 
ute, pure water, and the freeze -concen- 
trated matrix of amorphous solute -unfrozen 
water as it exists between the eutectic 
melting temperature and Tg' . Reproduced, 
with permission, from (6). 
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Figure 5. WLF plots of freezer- 
storage stability of organolep- 
tic quality for experimental a) 
ice cream products and b) fro- 
zen novelties. Log [iciness 
score] is plotted as a function 
of ^1 <~ Tf ' T fi')- Iciness 
score was determined organolep- 
tically, on a 0-10 point scale, 
after 2 weeks of deliberately 
abusive (temperature -cycled) 
frozen storage in a so-called 
"Brazilian Ice Box". [The 
straight dashed line drawn in 
part (b) represents the behav- 
ior expected for Arrhenius 
kinetics with temperature 
dependence corresponding to Q 
-2.] Reproduced, with per- 
mission, from (6) . 
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Figure 6. Variation of the relative rates of a diffusion-limited relaxation 
process with - T - Tg, as defined by the WLF equation with the "universal" 
constants of CI - 17.44 and C2 - 51.6, typical of "well -behaved" synthetic 
polymers, food solutes, and concentrated aqueous solutions, alike. Reproduced, 
with permission, from (6). 
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